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OBJECTIVE — To evaluate the natural history of gastric emptying in diabetes. 

RESEARCH DESIGN AND METHODS— Thirteen patients with diabetes (12, type 1; 1, 
type 2) had measurements of gastric emptying, blood glucose levels, glycated hemoglobin, upper 
gastrointestinal symptoms, and autonomic nerve function at baseline and after 24.7 ± 1.5 years. 

RESULTS — There was no change in gastric emptying of either solids (% retention at 100 min) 
(baseline 58.5 ± 5% vs. follow-up 51.9 ± 8%; P = 0.35) or liquids (50% emptying time) (baseline 
29.8 ± 3 min vs. follow-up 34.3 ± 6 mm; P = 0.37). Gastric emptying of solid at follow-up was 
related to emptying at baseline (r = 0.56, P < 0.05). At follow-up, blood glucose concentrations 
were lower (P = 0.006), autonomic function deteriorated (P = 0.03), and gastrointestinal symp- 
toms remained unchanged (P = 0.17). 

CONCLUSIONS — In unselected patients with diabetes, gastric emptying appears remarkably 
stable over 25 years. 



There is limited information about the 
natural history of gastric emptying in 
diabetes (1-3). We have reported 
that gastric emptying and symptoms 
changed little after 12 years of follow- 
up, possibly because a deterioration in 
autonomic function was counteracted 
by better glycemic control (4). We re- 
examined patients from the same cohort 
after 25 years. 

RESEARCH DESIGN AND 
METHODS— We studied 13 patients 
(9 female) with diabetes (12, type 1; 
1, type 2) in whom gastric emptying 
was measured in 1984-1989 (duration 
of follow-up 24.7 ± 1.5 years). Age was 
61 ± 8 years at follow-up, and duration 
of known diabetes was 38 ± 8 years. Base- 
line (5,6) and longitudinal (4) measure- 
ments in this cohort have been reported. 
Fifty-three of the original 86 patients were 
known to be alive; 30 were contactable, 
and 13 of these patients agreed to partici- 
pate. When compared with the other 73 
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patients, those who participated were 
younger at entry (36.4 ± 2.2 vs. 49.3 ± 
1.7 years, P = 0.003), but did not differ in 
regard to BMI, duration of known diabe- 
tes, symptom or autonomic function 
scores, proportion who smoked, or rates 
of solid or liquid emptying at baseline. No 
subject was taking medication known to 
affect gastrointestinal motility, and smok- 
ing was forbidden on the day of the test. 
Written, informed consent was obtained, 
and the protocol was approved by the 
Royal Adelaide Hospital Research Ethics 
Committee (protocol 091221). 

Gastric emptying was measured in 
the morning after an overnight fast, after 
administering the patient's usual insulin 
dose, using a dual-isotope technique (100-g 
minced beef labeled with 20-mBq 
99m Tc sulfur colloid, and 150-mL 10% 
dextrose labeled with 25-37 mBq 113m 
indium-diethylenetriaminepentaacetic acid 
at baseline, and 8 mBq 67 Ga-ethylenediami- 
netetraacetic acid at follow-up (4,6,7). Solid 
emptying was expressed as percentage 



remaining in the stomach at 100 min 
(TlOOmin), and liquid emptying as 50% 
emptying time (T50%). Gastric emptying 
was classified as normal or abnormal us- 
ing an established control range (solid 
TlOOmin [12-61%] and liquid T50% [8- 
31 mm]) (4,6). 

At baseline and follow-up, glycated 
hemoglobin (HbA lc ), plasma creatinine, 
and blood glucose were measured from 
an initial venous sample; blood glucose 
was also measured 30, 60, 90, and 120 
min after meal ingestion (4). 

Gastric and esophageal symptoms 
were assessed by a validated question- 
naire (6), with a maximum score of 27. 

Autonomic nerve function was evalu- 
ated by cardiovascular reflex tests (varia- 
tion in heart rate during deep breathing; 
heart rate response and fall in systolic blood 
pressure after standing) (6,7). Each test was 
scored as 0 (normal), 1 (borderline), or 2 
(abnormal). A total score ^3 was taken to 
indicate definite autonomic neuropathy. 

Statistical analysis 

Data were normally distributed and com- 
parisons between baseline and follow-up 
were evaluated using paired £ tests and 
linear regression analysis, with the excep- 
tion of autonomic function and symptom 
scores that were evaluated by Wilcoxon 
signed rank tests. The sample size of 13 
had 80% power to detect a difference in 
solid emptying of one-third from the 
baseline value, at P < 0.05 significance. 
Data are mean ± SEM (or median [inter- 
quartile range] for nonparametric data). 

RESULTS — Gastric emptying of solids 
was abnormally slow in 8 of 13 patients 
at baseline, and 5 of 13 at follow-up. In 
one patient, gastric emptying of liquid 
was not evaluated at follow-up because 
67 Ga-ethylenediaminetetraacetic acid was 
unavailable. Liquid emptying was abnor- 
mally slow in 6 of 12 patients at baseline 
and 8 of 12 at follow-up. There was no 
change in gastric emptying of either solid 
(P = 0.35) or liquid (P = 0.37), and the rate 
of solid emptying at baseline was related to 
emptying at follow-up (r = 0.56, 
P < 0.05), with a trend for the liquid 
component (r = 0.49, P = 0.11), wbich 
became significant (r = 0.82, P = 0.002) 
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Figure 1 — Measurements of gastric emptying of (A) solid (r = 0.56, P < 0.05, n = 13) and (B) liquid (r = 0.49, P = 0.J 1, n = 12) components at 
baseline and follow-up. The normal ranges are shown in the shaded areas. The relationship is significant for liquid emptying (r = 0.82, P = 0.002) if 
one data point (circled; representing a type 1 diabetic patient) is removed. 



on excluding one subject with abnormally 
rapid emptying at follow-up (Fig. 1). 

Blood glucose concentrations (mean 
over 120 min) were lower at follow-up 
than baseline (12.8 ± 1.0 vs. 17.7 ± 1.1 
mmol/L, P = 0.006), and HbA lc was non- 
significantly lower (7.2 ± 0.3 vs. 8.1 ± 
0.7% [55 ± 3 vs. 65 ± 8 mmol/mol], P = 
0.25). Plasma creatinine was unchanged 
between baseline and follow-up (0.085 ± 
0.03 vs. 0.082 ± 0.03 mmol/L). 

There was no difference in total 
(baseline 3 [4] vs. follow-up 3 [6], P = 
0.17), gastric (P = 0.31), or esophageal 
(P = 0.73) symptom scores. 

At follow-up, autonomic nerve function 
was not assessed in one patient with atrial 
fibrillation. Three of the 12 patients had 
definite autonomic neuropathy at base- 
line and 8 at follow-up; the total score was 
lower at baseline (1 [3] vs. 4 [2] , P = 0.03). 

CONCLUSIONS— This study repre- 
sents the most prolonged longitudinal 
evaluation of gastric emptying in diabetes. 
After ~25 years, there was no change in 
gastric emptying of solids and liquids, or 
symptom scores, whereas autonomic func- 
tion deteriorated, but glycemic control im- 
proved. The latter is likely to reflect the 
increased attention given to optimizing 
glycemic control in diabetes. These obser- 
vations are consistent with our previous 
longitudinal study (4) and suggest that 
both gastric emptying and gastrointestinal 
symptoms are usually stable over time in 
patients with diabetes. We acknowledge 
that the number of subjects studied was 
relatively small, but there was no trend 



for a change in either gastric emptying 
or symptoms. Selection bias cannot be 
excluded, but other than being younger, 
the baseline characteristics of those stud- 
ied did not appear exceptional; many 
patients who declined or could not be 
contacted had simply moved, or were 
very elderly. 

Delayed gastric emptying in diabetes 
is not invariably related to irreversible 
autonomic neuropathy, but rather has a 
complex and heterogeneous etiology, in- 
cluding loss/dysfunction of interstitial 
cells of Cajal, and deficient neurotrans- 
mission (8). Gastric emptying is also 
slowed during acute hyperglycemia 
(9,10). We observed lower blood glucose 
at follow-up, which might have amelio- 
rated any progression in irreversible 
pathology. 

Gastric emptying at baseline and 
follow-up were related, certainly for solids 
and probably also for liquids. Hitherto, 
there has been limited information about 
the "reproducibility" of gastric emptying in 
diabetes (11). Our observations suggest 
that, as in health (7), the interindividual va- 
riation in gastric emptying in diabetes is 
much greater than intraindividual variation. 

In summary, this prospective study 
indicates that gastric emptying in patients 
with long-term diabetes is relatively stable 
over time. 
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